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Abstract
Two kinds of surgical models of small intestinal transplantation (SITx) in rats, namely hetero-
topic (HIT) and orthotopic transplantion (OIT), have been reviewed. In OIT, the small intestine
of the recipient is removed and the transplanted intestine replaces it in continuity. On the other
hand, in the HIT model, the small intestinal grafts are rendered dysfunctional without alimen-
tary tract continuity. Histological evidence showed that acute rejection appeared earlier in HIT as
compared to OIT. Hyperplasia and hypertrophy of the muscularis externa produced in the chronic
rejection process were more pronounced in HIT allografts. The HIT grafts showed severe mucosal
atrophy due to the lack of intraluminal trophic factors, because oral feedings can stimulate tropic
hormones for mucosal growth, and provide nutrients for enterocytes. Intestinal permeability was
consistently higher after HIT than after OIT. The HIT grafts demonstrated less contractility and
less response to chemical stimulation than did OIT grafts. The OIT models are advantageous in
studies of intraluminal nutrients, and intestinal secretions in these models might modulate the in-
testinal immune status and possibly delay rejection. The superior intestinal barrier function and
the delayed onset of rejection in OIT rats suggest that nutrients and other factors in the succus
entericus are important for the maintenance of intestinal graft function.
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ExperimentalModelsofSmalIntestinalTransplantationinRats:
OrthotopicversusHeterotopicModel
AtsunoriNakao???,KazunoriTahara?,SeichiroInoue?,
NoriakiTanaka?,andEijiKobayashi?
?DepartmentofSurgeryI,OkayamaUniversityMedicalSchool,Okayama700-8558,Japan,and
?DivisionsofOrganReplacementResearch,CenterforMolecularMedicine,
JichiMedicalSchool,Tochigi329-0498,Japan
Twokindsofsurgicalmodelsofsmalintestinaltransplantation(SITx)inrats,namelyheter-
otopic(HIT)andorthotopictransplantion(OIT),havebeenreviewed.InOIT,thesmalintestine
oftherecipientisremovedandthetransplantedintestinereplacesitincontinuity.Ontheother
hand,intheHITmodel,thesmalintestinalgraftsarerendereddysfunctionalwithoutalimentary
tractcontinuity.HistologicalevidenceshowedthatacuterejectionappearedearlierinHITas
comparedtoOIT.Hyperplasiaandhypertrophyofthemuscularisexternaproducedinthechronic
rejectionprocessweremorepronouncedinHITalografts.TheHITgraftsshowedseveremucosal
atrophyduetothelackofintraluminaltrophicfactors,becauseoralfeedingscanstimulatetropic
hormonesformucosalgrowth,andprovidenutrientsforenterocytes.Intestinalpermeabilitywas
consistentlyhigherafterHITthanafterOIT.TheHITgraftsdemonstratedlesscontractilityand
lessresponsetochemicalstimulationthandidOITgrafts.TheOITmodelsareadvantageousin
studiesofintraluminalnutrients,andintestinalsecretionsinthesemodelsmightmodulatethe
intestinalimmunestatusandpossiblydelayrejection.Thesuperiorintestinalbarrierfunctionand
thedelayedonsetofrejectioninOITratssuggestthatnutrientsandotherfactorsinthesuccus
entericusareimportantforthemaintenanceofintestinalgraftfunction.
Keywords:smalintestinaltransplantation,rat,experimentalmodel,orthotopic,heterotopic
T heuniqueimmuneresponseaftersmalintestinaltransplantation(SITx)hasbeenthesubjectof
extensiveresearchusingratassmalanimalmodels.Rat
modelisawel-established,inexpensive,andethicaly
acceptable,andvariousinbredstrainsofratswithwel-
definedhistocompatibilitypropertiesareavailable.More-
over,theexistanceofinbredstrainsalowsforre-
producibilityanddefinedimmunobiologicalconditions.
SinceMonchikandRusseldescribedthefirstratmodelof
heterotopicSITxin1971［1］,variousimmonological
reactionshavebeenstudied［2-13］.
Generaly,2kindsofmodelsofratsmalintestinal
transplantation(SITx)includingheterotopicalytrans-
planted(HIT)［6-9］andorthotopicalytransplanted
(OIT)havebeenusedsofar［5,10-13］.InOITwhich
wasdevelopedbyKortetal.,thesmalintestineofthe
recipientisremovedandthetransplantedintestine
replacesitincontinuity［4］.Ontheotherhand,inHIT
model,thesmalintestinalgraftsarerendereddysfunc-
tionalwithoutalimentarytractcontinuity.Therecipient’s
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intestineisnotremovedinHIT.
Eachmodelhasbothadvantagesandpitfals,anditis
importanttochooseappropriatemodelsinaccordanceto
thepurposeofthestudy［15］.Here,wecomparedthe
advantagesanddisadvantagesofthese2surgicalmodels
basedonthereviewofthepreviousliteratureandourown
experiencesindetails.
SurgicalProcedure
Twodiferent
methodsofHIThavebeencommonlyusedsofar［16］.
Inone,oneendofthegraftisplacedasanileostoma
whiletheotherisplacedasaduodenostomainthe
abdominalwaloftherecipients［1,17-21］.Intheother
model,theanalsideofthegraftisanastomosedtothe
terminalileumoftherecipientwhileotherissuturedtothe
abdominalwalasaduodenostoma［17,18］.
Theaortaaboveandbelow
theoriginofthesuperiormesentericartery(SMA)is
mobilizedbyligatinganddividingtherenalandlumbar
arteries.Aftersystemicheparinizationandligationofthe
distalabdominalaorta,thedonorwholesmalbowelis
harvestedbasedonavascularpedicleconsistingofthe
superiormesentericarterywithapartofaorta,andthe
portalveinwhichistransectednearitsbifurcation.
Aftertheinferiorvena
cava(IVC)andtheaortaarereleasedfromsurrounding
connectivetissueandcross-clampedwithmicrovessel
clipsbelowtheleftrenalvessels,thearterialend-to-side
anastomosisisperformedfirstunderasurgicalmicro-
scopeusing10-0prolene.Secondly,thedonorportal
veinisplacedendtosideintotherecipientIVCby
runningsuturesusing10-0prolene.Theendsofthe
smalintestineareexteriorizedandsuturedtotheabdomi-
nalwalasileostomies.Theabdominalwalisthenclosed.
Generaly,
thereare2kindsofOIT:theone-stageOITdescribed
hereandtwo-stageOIT,wherethefirststepisthe
heterotopicalytransplantationasdescribedaboveisortho-
topicalyset2or3weekslater［18,19］.Weusethe
onestepoperation,becauseitssurgicalmortalityis
comparablewithtwo-steptechnique(unpublisheddata).
Thepreparationofthedonorandvascularanastomosesin
Nakaoetal. ActaMed.Okayama Vol.56,No.270
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therecipientsarethesameasinHIT.Theoperationstep,
whichdifersfromHIT,consistsofresectionofthe
recipient’ssmalintestinebyligaturesofthemesenteric
vessels.Thenanastomosisoftheoralendofthegraftto
theduodenumoftherecipientisaccomplishedbyan
end-to-endprocedureusingacontinuousone-layersuture
ofbioabsorbablematerial.
SurgicalAspect
Thedatapresentedinthissectionarebasedonour
ownexperiences.InbredadultmaleACI(RT1?)and
Lewis(RT1?)ratsweighingbetween200-300gwere
purchasedfromtheSeiwaexperimentalfarm(Fukuoka,
Japan).ForfulyalogeneicSITx,ACIandLewisrats
wereusedasrecipientsanddonors,respectively.Lewis
ratsservedforsyngeneiccombination.Noimmunosup-
pressivedrugwasadministeredtotherecipients.
One-stageOITrequires86±7minstartingfromthe
beginningoftheremovalofthedonorintestinetothe
completionofitsinsertionintotherecipients(n＝8).For
HIT,55±4minwasneeded,whichwasshorterthan
OITbecauseofthelackofintestinalanastomoses(n＝5).
Preissneretal.［22］reportedthattheentireOITopera-
tiontookabout120minandlong-termsurvivalratewas
morethan90 withsuficientmicrosurgicalpracticeand
experience.Zhongetal.［16］reportedthattheopera-
tiontimeneededforHITandOITwere105±15minand
120±14min,respectively,andthattheirsuccessrate
regardingofHIT(90 )andOIT(86 )werecompa-
rable.Thetechnicalfactorsreportedpreviouslywere
similartothoseofourinstitute.
InsyngeneiccombinationsincludingOIT(n＝5)and
HIT(n＝3),alrecipientswerehealthyandsurvived
over60dayswithintactgrafts.TheOITrecipientsin
fulyalogeneiccombinationdiedwithin7daysdueto
rejection(n＝4),whereas3of5HITanimalscould
surviveover30dayswithrejectedgrafts.AlthoughHIT
grafts,especialysegmentalgrafts,areseverelyrejected,
theyoftenbecomeencapsulatedanddonotleadtorecipi-
entdeath［18］. Theratswithrejectedorthotopicgrafts
developeintestinalobstruction,whichleadtosevere
dehydration,malnutrition,profoundweightloss,and
perforations.Ontheotherhand,theratswithhetero-
topicalytransplantedgraftscanmaintainanormalintake
offluids,electrocytes,andnutrientsviatheirnative
intestine,whichwasleftintact.
ThemainadvantageofHITistoavoidintestinal
anastomoses.Thecomplicationsinintestinalanastomoses
aremostcommonlyobservedinOIT,especialyinfuly
alogeneicSITx.Especialy,volvulusanddistalanas-
tomoticobstructionhavebeenfrequentlyreported［13］.
Thesecomplicationswerethoughttobeimmunologic
complicationsratherthantechnicalcomplicationsbecause
theywerecommonlyseeninlightlyimmunosuppressed
animalsandhigh-respondercombinations［13］.
Althoughthepostoperativecareofratshavingunder-
goneOITissimple,aproblemassociatedwithHITis
thatthemaintenanceofthestomascanbeextremely
complicated.IntheHITratsloselargeamountsoffluid
throughthestomas.Theearlypostoperativeperiod,the
transplantedintestinallumenbecomesfiledwithmucous
secretionthatneedstobeirrigatedoutinordertoprevent
excessivedilatation［20,21］.Moreover,HITrecipients
needtobehousedindividualytopreventstomalcannibal-
ism［22］.
ImmunologicalAspects
Thediagno-
sisofgraftrejectionisveryimportant.Whenthetrans-
plantedgraftsareacutelyrejected,OITmodelsleadto
therecipient’sdeath.However,HITgraftsoftendonot
impairrecipientsurvival,asmentionedbefore.Asitis
SmalIntestinalTransplantationinRatsFebruary2001
Table1 Diferentsusceptibilitiestopostransplanteventsinalo-smalintestinaltransplantationbetweenHITandOIT
Acute
rejection?
(5days)
Chronic
rejection?
(90days)
Muscle
thickness?
(90days)
Muscle
contractilit
y?
(90days)
Permeability?
(＜4week)
HIT Mild Severe Severe Poor High
OIT No Moderate Mild Wel Low
HIT,heterotopicalintestinaltransplantation;OIT,orthotopicintestinaltransplant.
71
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hardtodeterminegraftrejectioninsurvivingrecipientsin
HITmodels,itiswidelyacceptedthatgraftsurvival
couldbediagnosedbyclinicalsigns,palpationofthegraft
forinduration,andexaminationofthestomaspalorand
stomalclosure［18-21］.Thisapproachislikelytobe
verysubjective,butnosignificantdiferencewasseen
between2methodinmakingdiagnosisofgraftrejection
(HIT;5.0±0.71days versus OIT;5.8±0.84days,
P＝0.07056,Student’sttest).Forpathologicstudies,
sequentbiopsiestakenfromtheileostomyatdiferenttime
pointsareavailableintheHITmodel［5-8］.Anendo-
scopicalapproachforthetransplantedintestineisalso
possibleintheHITmodel,whichisreportedtobe
efectiveforearlydetectionofrejection［9］.
Grantetal.［15］
comparedtheonsetofrejectionusingsemialogeneic
combinations(Lewis-BN F1toLewis).Although
untreatedHITgraftsonPOD5showedearlyandmild
rejectionwithbluntedvilianddecreasednumbersof
gobletcels,OITgraftsdemonstratedanormalappear-
anceonPOD5andpresentmildlymphocyteinfiltration
andsloughingofvilionPOD7.Histologicalevidenceof
acuterejectionappearedearlierinHITthaninOIT.
Chronicrejection processesproduced afurther
increaseinthethicknessoflongitudinalandcircular
musclelayers.Heecktetal.［23］measuredthethick-
nessofthegraft’smuscularisexternaduetohyperplasia
andhypertrophyusingimmunohistochemicalstainingwith
rhodamine-labeledphaloidin.TheyusedACItoLewis
combinationsandgave15mg/kgofcyclosporinA(CyA)
intramuscularly(POD0-6daily,POD7-28everyother
day).ThemuscularthicknessmeasuredonPOD90were
278±26.6? inOITand456±50? inHIT,respec-
tively.Thus,hyperplasiaandhypertrophyofthemus-
cularisexternaweremorepronouncedinheterotopic
grafts.Theyalsoreportedmicroscopicalfindingsof
hematoxylin-eosin-stainedcrosssectionsofthegrafts.
TheOITgraftsshowedonlymoderatesignsofinflamma-
tioninthecryptsandsometimesaslightbluntingofthe
vili.However,HIT graftsshowedseveremucosal
atrophywithintactepithelium butalsoexpresseda
markedlossofvilousheight.
Oralfeedingscanstimulatetropichormonesfor
mucosalgrowth［16］,andprovidenutrientsforentero-
cytes［18］.Mucosalatrophyseenintheheterotopic
alograftsismostlikelyduetothelackofintraluminal
trophicfactors［24,25］.InHITgrafts,itmightbe
dificultformucosatoregenerateagainsttheinsultsof
rejections.Actualy,ithasbeenreportedthattheprolifer-
ativeefectsofhepatocytesunderalograftrejectioname-
lioratetheoutcomeofhepaticgraft,sincethisregenera-
tivepotentialcancompensateforandprotectrejectedcels
［26,27］.Itislikelythatasimilarexplanationisvalidfor
SITx.
Ithasbeenreported
thatbacterialtranslocationandthedevelopmentofsepsis
aftersmalboweltransplantationmaybepromotedby
immunologicaldamagetotheintestinalmucosaorby
quantitativeandqualitativechangesinintestinalmicroflora
［28,29］.Priceetal.［28］describedaveryinteresting
phenomenon:anovergrowthofpathogenicorganisms
occursfolowingratheterotopicsmalboweltransplanta-
tion,withthisovergrowthintheheterotopicgraftreturn-
ingtoanormalbacterialprofileafterorthotopictransposi-
tionat14daysfolowingsurgery.Thesefindingssuggest
thatearlyinterpositionofasmalbowelgraftintoan
orthotopicpositionmaypreventanalterationinthesmal
bowelecologytowardpotentialypathogenicorganisms
capableoftranslocation.Theyalsodemonstratedthat
rejectionandGVHDareassociatedwithshiftsinintesti-
nalmicrofloratowardpotentialypathogenicorganisms
andthatbacterialtranslocationintorecipienttissuesposes
amajorthreatforthedevelopmentofsepsis［29］.
FunctionalAspect
Thetransplantedgraftneedstoeficientlydigestand
absorbavarietyofnutrientsinordertomaintainlife.
Althoughthemucosahasaremarkableabilitytoregener-
ate,therejectionepisodesarestoredwithinthevessels,
intestinalmuscularis,andentericnervesystem［30］.
Somereportshavefocusedontheentericnervesystem
andintestinalmuscularisinHITandOIT.
Heecktetal.［30］
investigatedalterationsintheintestinalsmoothmuscle
functionofchronicalyrejectedgraftsusinganACIto
LewiscombinationtreatedwithCyA,asmentioned
before.Mechanicalsmoothmuscleactivitycanbeassess-
edbystimulationbybethanecol.Chronicalyrejected
alograftmusclesexhibitedamarkeddecreaseincontrac-
tileforcecomparedtonormalratintestine.However,
HIT graftsdemonstratedlesscontractilityandless
responsetochemicalstimulationthandidOIT.Mean
EC?valuesweredeterminedastheconcentrationneeded
togenerate50 ofthemaximalresponse.MeanEC?
valuesinHITweregreaterthanthoseinOIT(50mM
Nakaoetal. ActaMed.Okayama Vol.56,No.272
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and13.3mMrespectively).
Grantetal.［15］studiedgutbarrierfunction
usingintestinalpermiabilityto?Cr-EDTAurinaryexcre-
tionof?Cr-EDTA.Theygaveonemlof?Cr-EDTAby
gavageafterOITorbycatheterthroughtheproximal
stomaafterHIT.Thenthe24-hoursurinaryexcretionof
?Cr-EDTAwasmeasured.Normalythegastrointestinal
tractisimpermeableto?Cr-EDTA.Once?Cr-EDTA
enteredthecirculation,itisrapidlyclearedbyglomerular
filtrationandcanbeeasilyquantifiedinurine.They
demonstratedthatintestinalpermiabilitywasconsistently
higherafterHITthanafterOITinbothsyngeneicand
alogeneic combinations for4 weeks afterSITx.
Althoughheterotopicgraftssuferfromalackofluminal
nutrition,whichhasbeenshowntobeessentialin
maintainingnormalmucosalfunction,theyrepresentan
importantexperimentalgroup.
Conclusion
Wereviewedpreviousliteratureregardingthe2
diferenttypesofSITx:OITandHIT.AlthoughHIT
modelsdonotrepresentthephysiologicstateofsmal
intestinalfunction,HITmodelsareusedforinvestiga-
tionsofimmunologicreactionssuchasrejectionand
graft-versus-hostreaction.Aswel,theHIT model
representsahighersuvivalrateandinvolvesasimple
technique.Incontrast,theOITmodelissuitablefor
preclinicalstudies,includingstudiesofgraftfunctionand
absorptioncapabilityundernormalphysiologicconditions
andininteractionwithimmunologicreactions.Further-
more,graftfailureleadstotherecipient’sdeath,provid-
ingaweldefined,objectivemarkerofbarrierandabsorp-
tivefunctions.
IthasbeenshownthatOITmodelsareadvantageous
asintraluminalnutrients,andthatintestinalbarrierfunc-
tionandthedelayedonsetofrejectioninOITratssuggest
thatnutrientsandotherfactorsinthesuccusentericusare
importantforthemaintenanceofintestinalgraftfunction.
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UniversityofPitsburgh,forhiscriticalreadingofourmanuscript.
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